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Abstract

Background

Invasive aspergillosis diagnosis is based on a combination of clinical, radiological, and
mycological factors, including the detection of Aspergillus galactomannan antigen in serum
and bronchoalveolar lavage fluid (BALF). Lateral flow assays (LFA) introduced for rapid
detection of galactomannan in serum and BALF include the IMMY sona Aspergillus LFA

(IMMY LFA) and the Dynamiker QuicGM™ Aspergillus Galactomannan Ag LFA (QuicGM LFA).

Objective

To evaluate the performance of the IMMY LFA and QuicGM LFA in South Africa.

Methods

Serum and BALF samples previously tested by Platelia BioRad Aspergillus GM-EIA were

analysed using the two different LFAs. Percentage agreement and precision was assessed.

Results

Forty-six serum- and 13 BALF samples were tested using the IMMY GM LFA and 48 serum-
and 6 BALF samples were tested using the QuicGM LFA. Using an optical density 20.5 as
positive, results were compared to the BioRad Aspergillus GM-EIA. For the IMMY LFA,
serum samples had a positive percent agreement (PPA) of 0% (0/1); negative percent
agreement (NPA) of 91% (41/45) and overall percent agreement (OPA) of 89% (41/46).
BALF samples had a PPA of 75% (3/4), NPA 50% (5/10) and OPA of 57% (8/14). For the
QuicGM LFA, serum samples had a PPA 0% (0/3), NPA of 96% (43/45) and OPA of 90%
(43/48). BALF samples had a PPA of 100% (1/1), NPA of 100% (5/5) and OPA of 100% (6/6).

For the IMMY LFA, between-day reproducibility for 72% (13/18) and 63% (5/8) for serum



and BALF samples, respectively. Between-batch reproducibility was 89% (16/18) and 50%

(4/8), respectively for serum and BALF samples. For the QuicGM LFA, between-day

reproducibility was 75% (9/12) and 75% (3/4) for the serum and BALF samples, respectively.

The between-batch reproducibility was 100% (8/8) for serum and 100% (3/3) for BALF.

Conclusion

A follow-up evaluation with a larger sample size utilizing clinical, radiological, and

laboratory data is warranted to determine the assays’ clinical utility.

What this study adds

Invasive aspergillosis is a life-threatening disease, where a prompt diagnosis improves
outcome. Currently there is no Aspergillus galactomannan assay available in the South
African state sector. This study evaluates two lateral flow assays for the detection of

Galactomannan in South Africa.
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1 Research Report

1.1 Introduction

Aspergillus fumigatus, a pathogen known to cause IA, is listed as a WHO critical priority
fungal pathogen. The WHO priority pathogens are infections which are known to be

challenging to diagnose and treat (1).

Aspergillus species are ubiquitous moulds and exposure to spores (conidia) is common and
unavoidable (2). Invasive pulmonary aspergillosis develops in severely
immunocompromised individuals, including those with neutropaenia, lung transplant
recipients, the critically ill, patients on steroids, patients with chronic obstructive pulmonary
disease, influenza, and coronavirus disease (COVID-19) (2,3). The population at risk is
growing due to new groups of at-risk patients and an increasing number of
immunocompromised individuals. IA has also been identified in immunocompetent hosts,
without co-morbidities or mild chronic conditions (4). Morbidity and mortality associated

with |A is high, with reported case fatality rates between 30 and 80% (5).

Although the true prevalence of IA is unknown in Africa, (6,7) an estimated 3885 cases are
thought to occur in South Africa annually when considering at-risk group. South Africa has a
high burden of human immunodeficiency virus (HIV), tuberculosis (TB) and poverty (8). HIV
has been reported as a risk factor for IA from observational studies in Africa. Due to the
unavailability of diagnostic tests for IA, the disease is unfortunately frequently undiagnosed

or misdiagnosed as TB (6).

Establishing a prompt diagnosis is crucial in improving disease outcome (9) and a key aspect

of an antifungal stewardship program (10). Diagnosis is, however, challenging and requires a
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high index of suspicion. No single test confirms the diagnosis, and the required sampling is
often invasive. A combination of histopathological, clinical, radiological and microbiological
evidence, including the detection of galactomannan (GM), is required (2,11). Diagnostic
assays with improved performance and rapid results, which can be performed in resource-

limited settings are needed.

Culture-based methods for the diagnosis of IA are impeded by a slow turn-around time,
limited sensitivity and significance of the culture may be difficult to determine due to the
ubiquitous nature of Aspergillus species. In addition, high quality specimens for culture may
require invasive sampling which is often impractical (12). Culture remains an essential part
of the diagnosis for invasive fungal diseases as it allows for detection of other moulds and

for susceptibility testing with the emergence of azole-resistant Aspergillus fumigatus (13).

Galactomannan is a polysaccharide secreted by Aspergillus species during fungal growth. It
is a major constituent of the cell wall. The detection of GM in serum, plasma,
bronchoalveolar lavage fluid (BALF) and cerebrospinal fluid is a non-culture-based method

that assists with diagnosis of IA. (11,14).

The commercially available Platelia Aspergillus enzyme immunoassay (Platelia Biorad EIA) is
only available at a limited number of laboratories and samples are usually tested in batches,
increasing turn-around times. The complexity of an enzyme immunoassay makes it difficult
to perform in a resource limited setting (15,16). It is currently the only GM detection test
incorporated into the European Organization for Research and Treatment of Cancer and the
Mycoses Study Group Education and Research Consortium (EORTC/MSGERC) consensus

definitions for the diagnosis of invasive fungal disease (17).
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Recently, lateral flow assays (LFA) for the detection of GM have been developed. They are
rapid, allow for single-sample testing and are promising for implementation in resource
limited settings. These include two CE marked tests, the IMMY Sona Aspergillus LFA (IMMY
LFA) (IMMY, Norman, Oklahoma, USA) and the Dynamiker QuicGM Aspergillus
Galactomannan Ag™ LFA (QuicGM LFA) (Dynamiker, Tianjin, China) (14,18). Both these
assays can give a result within an hour and because they do not need to be batched, this will
not lead to increased turnaround times in low volume test settings as with the Platelia

Biorad EIA.

Comparative large scale data from Africa for the performance of GM assays are not
available (14,17). At the time of writing, there were no clinical performance studies
evaluating the QuicGM LFA on PubMed and one study from Africa evaluating the IMMY LFA

among haematological malignancy patients in Ghana (19).

The available LFAs utilize different monoclonal antibodies and test protocols, and the
performance of these LFAs may differ from the Platelia Biorad EIA. Prior to implementation
of a new test laboratories must be aware of its performance based on manufacturer and
published evaluations. In addition, a verification of the assay performance in the hands of

the implementing laboratory is required (14).

In this study, we evaluated the performance of two GM Ag LFAs, the IMMY Sona Aspergillus
galactomannan LFA and the Dynamiker QuicGM™ LFA. Agreement and precision were also

evaluated.
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1.2 Methods

1.2.1 Ethics

Ethics approval was obtained from the University of Witwatersrand’s Human Research
Ethics Committee (Clearance certificate No. M220953). De-identified clinical samples were
used for this study. No clinical information was included, and no human participants were

involved.

1.2.2 Setting
Samples were processed at the National Health Laboratory Service (NHLS) at the University

of Witwatersrand Medical School.

1.2.3 Samples

De-identified clinical BALF and serum samples tested using the Platelia Biorad EIA for the
detection of Aspergillus GM were obtained from a private microbiology laboratory service.
The samples were stored at -70° for up to 18 months and thawed and brought to room
temperature for analysis. Convenience sampling was used based on sufficient residual
volume to accommodate additional testing. Due to sample volume constraints, not all
samples were tested using both kits and samples were randomly allocated to be tested with
the IMMY LFA or QuicGM LFA as per test kit quantity availability as in Figure 1. Where

sufficient sample volume was present, samples were tested using both kits.
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Figure 1 Number of samples tested by each kit.

81 samples tested
66 serum (4 positive, 62 negative)
15 BALF (5 positive, 10 negative)

Convenience based sample
selection. Allocated
according to sample volume
and testing kit availability.

l

IMMY LFA only

27 samples

18 serum (1 positive, 17 negative)
9 BALF (4 positive, 5 negative)

l

Both LFAs
33 samples
28 serum (all negative)
5 BALF (all negative)

|

QuicGM LFA only
21 samples
20 serum (3 positive, 17 negative)
1 BALF (positive)

Investigators were blinded to original GM result until after testing. Seventy- two (62 serum

and 10 BALF) negative samples and 9 (4 serum and 5 BALF) positive samples were included

in the study (Table 1).

Table 1. Number of samples per ODI range when tested using the Platelia Biorad EIA

Result ODI Serum BALF
interpretation | Range Samples samples
Negative <0.2 56 7
0.3-04 6 3
Positive 0.5-0.7 2 1
0.8-0.9 1 1
>21.0 1 3

Abbreviations:
ODI = Optical Density Index

Positive value ODI > 0.5

BALF = Bronchoalveolar Lavage Fluid
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1.2.4 Laboratory Processing
Serum and BALF samples as depicted in Figure 1 were tested by a single operator, following
the manufacturers’ instructions. Manufacturer provided positive and negative external

controls were included in each batch.

IMMY GM LFA

All results were interpreted with a visual read-out as well as using the IMMY Cube Reader.
The IMMY Cube Reader is an optional accessory to aid in the interpretation of the IMMY GM
LFA. If the control line failed to develop, the test was regarded as invalid. The manufacturer

recommends an optical density index (ODI) = 0.5 as a positive result.

QuicGM LFA

This assay cannot be visually interpreted and requires the Fluorescence Immunoassay
Analyzer for interpretation of the results. The optical density value is provided by the
analyser. For quality control, the fluorescence analyser automatically calculates the signal
of the control line on the test strip. The manufacturer recommends an optical density index

(ODI) 2 0.5 as a positive result.

1.2.5 Precision testing

Samples were processed on consecutive days for between-day precision testing by a single
operator. Forthe IMMY LFA, 26 samples (18 serum and 8 BALF) were tested on two
consecutive days (due to limited kit availability). Only 1 positive BALF sample was included,
the remaining samples were all negative. For the QuicGM LFA, fewer samples were tested
but over 3 consecutive days as sample volume allowed. 16 samples (12 serum and 4 BALF)

were analysed over two consecutive days and of those samples, 5 (2 serum and 3 BALF)
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were tested for a third consecutive day. In this analysis, 3 serum samples were originally

positive on the Platelia Biorad EIA, the rest of the samples were negative.

For between-batch precision testing samples were tested in duplicate, side by side, by a

single operator, using two different kits with different batch numbers.

The same samples were used for both precision analyses. Since a gold standard assay was
not available, precision was measured by consistent results between days and batches. For

this analysis results were not compared to the original Platelia Biorad EIA result.

1.2.6 Data Analysis

Results were analysed using Microsoft Excel Software. Results from the IMMY LFA and
QuicGM LFA were compared to the Platelia Biorad EIA results by calculating Percent Positive
Agreement (PPA), Percent Negative Agreement (NPA) and Overall Percent Agreement
(OPA). For the qualitative analysis 2x2 contingency tables for evaluation of the results were
compiled for both kits as well as BALF and serum samples independently. Percentage
agreement was calculated for the between-day and between-batch precision testing. The
manufacturer’s recommended optical density index (ODI) cut-off value of > 0.5 for positive

and < 0.5 for negative was used to interpret the ODI values.

1.3 Results

The agreement of the LFAs compared to the Platelia Biorad EIA is summarised in Table 2.
Both assays did not detect GM in the positive serum samples. Table 3 compares the results
of the positive samples. The ODI value for the serum samples ranged from 0.5 — 1.5 when
tested on the Platelia Biorad EIA. In comparison, the positive BALF samples ranged from 0.5
to 5.3. The IMMY LFA agreed with 75% (3/4) positive BALF samples. Interestingly, it was the

sample with the highest ODI value (ODI of 5.3) that tested negative using the IMMY LFA.
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There was no residual sample leftover to retest this sample after unblinding. Overall, the

ODI values of the LFAs of the positive samples tended to be lower when compared to the

values of the Platelia Biorad EIA.

The NPA tended to be good (>90%) apart from BALF samples tested using the IMMY LFA.

With further breakdown of the 5 BALF samples that tested positive using the IMMY kit and

negative using the Platelia Biorad EIA, 4 of these samples had negative results when tested

the next day or when using a different batch of the IMMY LFA and these discrepancies are

evident in the precision testing results.

Table 2 Agreement of Lateral Flow Assays Compared to Platelia Biorad EIA

Sample Type IMMY LFA QuicGM LFA
% n=60 % n=54
Percentage Serum PPA 0% (0/1) 0% (0/3)
Agreement NPA 91% (41/45) 96% (43/45)
Compared to OPA 89% (41/46) 90% (43/48)
Platelia Biorad EIA
BALF PPA 75% (3/4) 100% (1/1)
NPA 50% (5/10) 100% (5/5)
OPA 57% (8/14) 100% (6/6)
Total (serum + BALF) | PPA 60% (3/5) 25% (1/4)
NPA 84% (46/55) 96% (48/50)
OPA 82% (49/60) 91% (49/54)

Abbreviations: PPA = Positive Percent Agreement; NPA = Negative Percent Agreement; OPA =
Overall Percentage Agreement; BALF = Bronchoalveolar Lavage Fluid

Table 3 Subanalyses of Positive Samples

Platelia
Biorad EIA IMMY LFA | QuicGM LFA
oDl oDl oDl
Serum | 0.9 04
0.7 0.3
1.5 0.1
0.5 0.3
BALF |5.3 04
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5.2
0.9
0.5
2.8

0.6
0.7
0.6

0.7

Abbreviations: EIA = Enzyme Immunoassay; ODI =
Optical Density Index; LFA = Lateral Flow Assay;
BALF = Bronchoalveolar lavage fluid

Thirty-three samples (28 serum and 5 BALF) were evaluated using both the IMMY LFA and

QuicGM LFA. This subset only consisted of negative samples when tested using the Platelia

Biorad EIA. The QuicGM LFA performed similarly with an NPA of 94% (31/33) compared to

the IMMY LFA with a NPA of 88% (29/33) for both serum and BALF samples pooled

together. Table 4 depicts the discrepant results during the precision testing. Different

samples had discrepant results when tested using the two LFAs.

Table 4. Discrepant results of samples tested using both LFAs.

Platelia
Sample Biorad
Type EIA ODI IMMY LFA ODI QuicGM LFA ODI
Dayllot Day2lot Day2lot |Dayllot Day2Llot Day2Llot
no.1 no.1 no. 2 no.1 no. 1 no. 2
BALF 0,2 0,52 0,18 0,53 0,15 0,11 0,13
BALF 0,2 0,86 1,68 1,27 0,16 0,16 0,13
BALF 0,0 0,77 0,05 0,07 0,17 0,18 0,19
Not Not
Serum 0,1 0,59 0,30 0,14 0,10 | repeated repeated
Not Not Not
Serum 0,1 0,10 | repeated | repeated 1,03 | repeated 0,34
Not Not Not Not
Serum 0,1 0,11 | repeated | repeated 0,99 | repeated | repeated

Positive result ODI 2 0,5; Negative result ODI < 0,5

When assessed over two consecutive days, both LFAs performed sub-optimally as

summarised in Table 5. Seventy-two percent (13/18) serum and 63% (5/8) BALF samples

had the same qualitative result when tested using the IMMY LFA on two consecutive days.
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All serum samples in this analysis were negative when tested by the Platelia Biorad EIA.
Both serum and BALF samples with discrepant results, tested close to the cut-off ODI value

of 0.5 (ODI values ranging from 0.51 to 0.78) when they tested positive.

Seventy-five percent (12/16) of samples had the same results when tested over two
consecutive days using the QuicGM LFA. In this analysis, 25% (3/12) serum samples were
positive when tested by the Platelia BioRad EIA and the remaining samples were negative.
On day one of testing the serum samples, the QuicGM LFA did not detect GM in any of the
positive samples. However, on Day 2 of testing one result was positive and the other gave a
borderline ODI value of 0.49 and the last remained negative. Samples with residual volume
were tested for a third day using the QuicGM LFA. Fifty percent (1/2) serum samples and

100% (3/3) BALF samples tested with the same quantitative result over 3 consecutive days.

For between-batch reproducibility, 89% (16/18) serum samples and 50% (4/8) BALF samples
demonstrated reproducible results when tested with different batches of the IMMY LFA.
The QuicGM LFA 100% (11/11) of samples were reproducible between batches, albeit fewer

samples were tested.

Table 5 Precision Testing

Sample Type IMMY LFA QuicGM LFA
% n % n
Between-day Reproducibility
2 consecutive days Serum 72% (13/18) 75% (9/12)
BALF 63% (5/8) 75% (3/4)
Total (serum + BALF) 69% (18/26) 75% (12/16)
3 consecutive days Serum N/AS 50% (1/2)
BALF N/AS 100% (3/3)
Total (serum + BALF) N/AS 80% (4/5)
Between-batch
Reproducibility Serum 89% (16/18) 100% (8/8)
BALF 50% (4/8) 100% (3/3)

10




174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

Total (serum + BALF) 77% (20/26) 100% (11/11)

Abbreviations: BALF = Bronchoalveolar Lavage Fluid; N/A = Not applicable
§ The IMMY LFA was tested on two consecutive days, and not for a third day

The IMMY cube reader results correlated well with the visual readout results. Ninety-five
percent (104/110) of visual readout results correlated with the Cube Reader results. Three
of the discrepant results were reported as invalid by the Cube Reader but had a clear well-
developed control line and a valid result when visually inspected (2x negative result, 1x
positive result). To include these results in the analysis, the visual readout results were used
for the final interpretation of the IMMY LFA results. The remaining 3 results were negative
when visually inspected, however the Cube Reader reported the results as positive with

values close to the cut-off ODI value of 0.5 (the values were 0.51; 0.51 and 0.60).

1.4 Discussion

In this study we compared the performance of two GM Ag LFAs, the IMMY LFA and
Dynamiker QuicGM ™ to the Platelia Aspergillus Ag EIA, using serum and BALF samples.
Verifying the accuracy of a new test for a disease with a large undiagnosed and unknown
burden is difficult and to our knowledge these assays have not been evaluated in the South
African population. In addition, this is the first study, to our knowledge, evaluating the

performance of both the IMMY and QuicGM LFAs together.

In the absence of associated clinical information, neither assay detected GM in the positive
serum samples. These samples originally had ODI values close to the cut-off of 0.5 with the
Platelia Biorad EIA. Overall, the ODI values of the LFAs of the positive samples tended to be
lower when compared to the values of the Platelia Biorad EIA. Studies have reported
conflicting results with regards to the stability of GM with storage. Pedrosa et al examined

11
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the reproducibility of positive serum results when using the Platelia Biorad EIA. They
observed a low reproducibility of positive results with more than half of the positive
samples having negative results on retesting (20). Dufresne et al retested samples that
were stored at -80°C after the initial testing using the Platelia Biorad EIA and also reports a
loss of positivity in 45% and 23% respectively, for both serum and BALF samples (21).
Conversely, Wheat et al specifically examined the stability of galactomannan. Serum and
BALF samples that were positive using the Platelia Biorad EIA were retested after storage at
-20°C for 5 years and 93% of the samples remained positive (22). Our samples had been
stored short term at +4°C, not for longer than the manufacturer recommended time and

long term at -70°C prior to testing.

The limited number of positive serum samples included in this study, did not allow for an
adequate evaluation of the PPA the LFAs for serum. The NPA for serum samples on

assessment of both LFAs were >90%.

The QuicGM LFA performed well with the BALF samples, with a 100% OPA with the Platelia
Biorad EIA. Fewer samples and different samples were tested with the QuicGM LFA as
opposed to the IMMY LFA and the results are not directly comparable between the two
LFAs. The IMMY LFA performed poorly on the BALF samples. The reason for this is not
clear. When the samples were retested with the same batch the next day as part of the
precision testing, four of the BALF samples yielded results congruent with the Platelia Biorad

EIA. Repeat testing of these samples was not possible due to insufficient sample volumes.

Both assays performed well when results were compared between batches, with the

QuicGM LFA performing better than the IMMY LFA. Neither assay performed well when
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tested over two consecutive days. Discrepant results had values close to the ODI cut-off

value at 0.5.

Multiple factors may have contributed to discrepant results. Non-reproducibility has been

reported in the repeat testing of false-positive samples when the patient does not have IA.

In a 900-bed tertiary facility in Switzerland, a retrospective analysis of the clinical
information of patients whose samples turned negative on repetition found the variability of
the test results is most probably due to false positivity. After introduction of the Platelia
Biorad EIA at their institution, randomly selected positive and indeterminate serum samples
were retested after the first measurement. The time to retesting was approximately 2 — 3
days and samples had either been stored at +4°C or -20°C. They found two clear trends
amongst the retested samples. One subset of samples remained positive and the other
subset yielded a very low ODI on repeat testing. The test results were correlated with the
clinical diagnosis of IA. All samples (10/10) that remained positive, correlated with a
diagnosis of possible, probable or proven IA. Out of the samples that turned negative, only
1 sample (1/11 samples from 10 patients) had a clinical diagnosis of probable aspergillosis

(23).

This phenomenon was also examined in haematology patients at high risk of 1A at a facility
in the United Kingdom. As part of their routine neutropenic care pathway, at-risk patients
are regularly tested for |A using Aspergillus polymerase chain reaction and Aspergillus GM
using the Platelia Biorad EIA. Positive serum and plasma samples were correlated with the
clinical probability of IA and classified into a case group (with possible, probable, or proven
IA) or a control group (host factors with no clinical evidence of IA). In a comparison

between the retesting of case samples versus the retesting of control samples, serum

13



240 indices declined significantly amongst the control samples, but no significant change was

241  observed amongst the case samples (24).

242  Guigue et al also examined common causes of unreproducible positive results with the
243  Platelia Biorad EIA for detection of Aspergillus GM and focussed on the initial preanalytical
244  preparation steps of the assay as a cause of false positivity. The same serum samples were
245  extracted by two different operators and then two tests (EIA) were performed on each
246  extracted sample. Five-hundred and fifty consecutive serum samples were tested in this
247  manner. Any unreproducible results were classified as either extraction unreproducible or
248  ELISA unreproducible. When the samples with the unreproducible results were retested,
249  the results turned negative for all except one which was inconclusive. The samples with
250 reproducible results had similar GM ODIs upon retesting. The authors concluded

251  unreproducible results are often due to operational factors which includes technical errors
252  during the testing process, and could be due to a variety of factors, such as contamination,
253  incorrect pipetting or improper storage of samples and could be present in the extraction

254  step or avariation in the ELISA plate itself (25).

255  Causes of false positivity include presence of exogenous GM in the body which may be
256 introduced as part of another product (e.g., gluconate or B-lactam antibiotics) and ingestion
257  of GM containing food especially when the permeability of the gastrointestinal barrier is

258 increased. There is also cross-reactivity with polysaccharides from closely related fungi (17).

259  Contamination is an important cause of false positive GM results and exogenous GM may be
260 introduced pre-analytically or analytically. A facility in South Korea recently experienced
261  high GM ODI values in serum from patients with no clinical evidence of IA. On review of the

262  patient’s medical records, the patients had received total parenteral nutritional (TPN)
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products from the same manufacturer and the glucose component of the product had
recently changed. The glucose components of the TPN product were diluted and tested for
GM using the Platelia Biorad EIA with high positive results (26). In India, the sterile
containers used to send BALF samples were found to be the cause of false positive results
after an investigation into the reason for high GM levels in a population not suspected of

having IA (27).

One study evaluating the IMMY LFA and Platelia Biorad EIA, found that haemolysed serum
samples were either considered invalid by the cube reader or gave discrepant results, and
found good agreement after the haemolysed samples were excluded from the study.

Discrepancies were also seen in samples showing borderline GM values (28).

The IMMY cube-reader performed well when compared to the visual read-out of results. It
provides a quantitative result and removes the subjectivity of visual interpretation. It was
able to detect low levels of positivity when it was not visually possible. It performed
comparably in a recent study, where results were read out by two independent readers and
the Cube reader. The digital readout improved the diagnostic performance of the test (29).

The use of digital readers is therefore critical to the success of the test.

For low resource settings, with inconsistent power supply, processing of samples requires a
basic safety level two cabinet, heat block, centrifuge, and electricity for the digital readers.

Therefore, electricity is still required for processing.

In this study we opted to use the manufacturer recommended cut-off OD value of 0.5 as
positive. In 2020, the EORTC/MSGERC consensus definitions for invasive fungal diseases
were updated. For the first time consensus cut-off values for GM were included and a cut-
off of > 1.0 was selected as positive for a single CSF, serum, plasma or BALF sample. A
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combination of two low positive results of 20.7 ODI for serum or plasma, along with an ODI
value in BALF 20.8 is also included as a criterion to suggest the presence of IA. The choice of
threshold value impacts on the sensitivity and specificity of the test. These definitions,
however, are not intended to direct patient care but for research purposes where a high
degree of certainty of disease is required (11,17). In our setting, implementation of the test
would primarily be to guide patient care. Only 4 samples in our study had GM values 21 and

it was therefore not feasible to do an analysis using an ODI cut-off of 1.0.

There are several factors to consider when choosing the types of laboratory tests for
aspergillosis diagnosis and when interpreting the results of these tests. In general, the
sensitivity of GM testing is reduced in patients on mould-active antifungal agents.
Additionally, the sensitivity of the GM testing varies depending on the underlying disease
and specimen type (17). Two recent studies evaluating GM LFAs in patients with COVID-19,
both demonstrated that low positive ODI values (0.5 — 0.8) in serum lacked specificity for
COVID-19 associated pulmonary aspergillosis, and recommended borderline results should

be confirmed by other microbiological tests (28,30).

Bronchoalveolar lavage fluid GM is more accurate than serum GM for diagnosing IA,
especially in patients on mould-active agents. There are, however, higher false positive
rates of GM in BALF, possibly due to Aspergillus colonisation and BALF requires invasive
sampling (11,18). Hence, the results of GM testing should not be used as a stand-alone
marker for aspergillosis. The pre-test probability of disease and results of other

investigations must be integrated in the diagnostic decision.

The WHO has classified Aspergillus fumigatus as a critical priority fungal pathogen. A key

step in addressing this threat is to improve diagnostic methods (1). However, diagnosis of IA
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is challenging, especially in a resource limited setting. In a recent survey of the state of
clinical mycology in Africa, Aspergillus antigen detection was only available for 27% of
institutions locally and for 20% through an outsourced laboratory and none of the 8 South
African respondents performed an Aspergillus antigen EIA or equivalent (31). Another
recent survey found similar critical gaps in access to essential diagnostics for invasive fungal
infections in Africa. Aspergillus antigen detection was performed in as little as 8% of
participating countries. In South Africa the test was only privately available (32).

Improvement of diagnostic capacity is greatly needed in South Africa.

Improvement of diagnostic capacity for IA is a key aspect of antifungal stewardship. The use
of empirical antifungals in at-risk patients is common, due to the poor prognosis of these
infections when treatment is delayed. The accuracy and slow turnaround times of available
tests further hinder targeted treatment of these patients. The use of biomarkers, that are
accurate and with a fast turnaround time, will greatly improve antifungal stewardship

efforts (33).

The IMMY LFA performed well in previous evaluations. The IMMY LFA outperformed the
Platelia Biorad EIA in cancer population during a retrospective study done in New York City
(34). In another study, the IMMY LFA sensitivity was almost 97% and specificity 98%, with a
qualitative agreement of almost 90% when compared to the Platelia Biorad EIA (35). In an
evaluation of the QuicGM LFA in high-risk haematology patients, the results of the QuicGM
correlated well with the Platelia Biorad EIA with a Spearman’s correlation coefficient of 0.80
(36). These tests therefore offer great promise in improving the diagnostic armamentarium

for IA.
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Implementing a new test for a relatively rare disease is challenging. It is especially
important to know the results are accurate and to date GM antigen testing has been poorly
studied in the African context. We faced many challenges in this study including obtaining
enough samples, the absence of clinical data, the need to test samples in an inter-laboratory

setting and delays experienced during the COVID-19 pandemic.

Lateral flow assays for the detection of GM antigen are easy to perform and provide rapid
results. Hence, these assays are well-suited for implementation in settings with limited

resources.

1.4.1 Limitations

This study had many limitations. A single operator evaluated the tests. We tested samples
initially analysed at a different laboratory using the Platelia Biorad Assay. Not all samples
were tested by both kits due to limited kit and sample availability. The samples were stored
at-70°C and thawed and brought to room temperature for testing. Inter-laboratory
variability in testing conditions, human error, environmental contamination, storage, and
the patient’s disease status impacted on the assays’ reproducibility and perceived
performance. Since convenience sampling was used, very few positive samples and very
few BALF samples were included in this study. Positive samples are not readily available and
invasive sampling for BALF is not routinely performed. We did not have clinical information

available for any of the samples tested.

1.4.2 Conclusion
Expansion of diagnostic capability for IA is greatly needed in our community. The small
sample size and variability in environmental conditions in this study limited the ability to

make definitive conclusions regarding the performance of these assays. The challenges
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experienced, and the limitations of our study demonstrate the dire need of funding of larger
studies investing in diagnostics for IA in South Africa. Further testing is required to evaluate
the performance of these assays. Further evaluation with a larger sample size, including
more positive samples, as well as, inclusion of clinical, radiological, and histopathological

data, and testing of samples in real-time, is recommended.

1.5 Acknowledgements

1.5.1 Competing interests

The authors have no competing interests to declare.

1.5.2 Sources of Support

The IMMY LFA kit and Cube Reader were provided by IMMY. The QuicGM™ LFA kit and
Fluorescence Immunoassay Analyzer were sponsored by Dynamiker Biotechnology Co. Ltd.
The manufacturers providing the assay did not have any input in the study design and did

not participate in the study.

1.5.3 Disclaimer
The views expressed in this article are our own and not an official position of the University

of Witwatersrand or National Health Laboratory Services.

1.6 References

1. WHO fungal priority pathogens list to guide research, development and public health
action [Internet]. [cited 2023 Aug 27]. Available from: https://www.who.int/publications-
detail-redirect/9789240060241

2. Kosmidis C, Denning DW. The clinical spectrum of pulmonary aspergillosis. Thorax. 2015
Mar;70(3):270-7.

3. Permpalung N, Chiang TPY, Massie AB, Zhang SX, Avery RK, Nematollahi S, et al.
Coronavirus Disease 2019—Associated Pulmonary Aspergillosis in Mechanically Ventilated
Patients. Clin Infect Dis. 2022 Jan 1;74(1):83-91.

19



379
380
381
382

383
384

385
386

387
388
389

390
391

392
393
394

395
396

397
398
399
400

401
402
403

404
405
406

407
408
409
410

411
412

413
414

4. Tio SY, Chen SCA, Hamilton K, Heath CH, Pradhan A, Morris AJ, et al. Invasive aspergillosis
in adult patients in Australia and New Zealand: 2017-2020. Lancet Reg Health — West Pac
[Internet]. 2023 Nov 1 [cited 2023 Dec 7];40. Available from:
https://www.thelancet.com/journals/lanwpc/article/PIIS2666-6065(23)00206-7/fulltext

5. Bongomin F, Gago S, Oladele RO, Denning DW. Global and Multi-National Prevalence of
Fungal Diseases—Estimate Precision. J Fungi. 2017 Oct 18;3(4):57.

6. Bongomin F, Ekeng BE, Kibone W, Nsenga L, Olum R, Itam-Eyo A, et al. Invasive Fungal
Diseases in Africa: A Critical Literature Review. J Fungi. 2022 Dec;8(12):1236.

7. Danion F, Rouzaud C, Duréault A, Poirée S, Bougnoux ME, Alanio A, et al. Why are so
many cases of invasive aspergillosis missed? Med Mycol. 2019 Apr
1;57(Supplement_2):594-103.

8. Schwartz IS, Boyles TH, Kenyon CR, Hoving JC, Brown GD, Denning DW. The estimated
burden of fungal disease in South Africa. S Afr Med J. 2019 Oct 31;109(11):885-92.

9. von Eiff M, Roos N, Schulten R, Hesse M, Zihlsdorf M, van de Loo J. Pulmonary
aspergillosis: early diagnosis improves survival. Respir Int Rev Thorac Dis. 1995;62(6):341—
7.

10. Riera F, Caeiro JP, Sotomayor CE. Antifungal Stewardship in Low- and Middle-Income
Countries. Curr Treat Options Infect Dis. 2019 Sep 1;11(3):292-9.

11. Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley JW, Verweij PE, et al.
Revision and Update of the Consensus Definitions of Invasive Fungal Disease From the
European Organization for Research and Treatment of Cancer and the Mycoses Study
Group Education and Research Consortium. Clin Infect Dis. 2020 Sep 12;71(6):1367-76.

12. Perfect JR, Cox GM, Lee JY, Kauffman CA, de Repentigny L, Chapman SW, et al. The
impact of culture isolation of Aspergillus species: a hospital-based survey of aspergillosis.
Clin Infect Dis. 2001 Dec 1;33(11):1824-33.

13. Lestrade PPA, Meis JF, Melchers WIG, Verweij PE. Triazole resistance in Aspergillus
fumigatus: recent insights and challenges for patient management. Clin Microbiol Infect.
2019 Jul 1;25(7):799-806.

14. Aerts R, Cuypers L, Mercier T, Maertens J, Lagrou K. Implementation of Lateral Flow
Assays for the Diagnosis of Invasive Aspergillosis in European Hospitals: A Survey from
Belgium and a Literature Review of Test Performances in Different Patient Populations.
Mycopathologia. 2023 May 20;

15. Lass-Florl C. How to make a fast diagnosis in invasive aspergillosis. Med Mycol. 2019
Apr 1;57(Supplement_2):5155-60.

16. Jenks JD, Hoenigl M. Point-of-care diagnostics for invasive aspergillosis: nearing the
finish line. Expert Rev Mol Diagn. 2020 Oct 2;20(10):1009-17.

20



415
416
417

418
419
420

421
422
423
424

425
426
427

428
429

430
431
432

433
434
435

436
437

438
439
440

441
442
443

444
445
446

447
448
449
450
451

17. Mercier T, Castagnola E, Marr KA, Wheat LJ, Verweij PE, Maertens JA. Defining
Galactomannan Positivity in the Updated EORTC/MSGERC Consensus Definitions of
Invasive Fungal Diseases. Clin Infect Dis. 2021 Mar 15;72(Supplement_2):589-94.

18. Jenks JD, Miceli MH, Prattes J, Mercier T, Hoenigl M. The Aspergillus Lateral Flow
Assay for the Diagnosis of Invasive Aspergillosis: An Update. Curr Fungal Infect Rep. 2020
Dec 4;1-6.

19. Ocansey BK, Otoo B, Gbadamosi H, Opintan JA, Dei-Adomakoh Y, Kosmidis C, et al.
Invasive Aspergillosis among Haematological Malignancy Patients in Ghana: A Pilot Study
on Prevalence and Antifungal Prophylaxis at the National Referral Hospital. West Afr J
Med. 2023 Jun 29;40(6):613-8.

20. Pedroza KCMC, de Matos SB, de Moura DL, Oliveira MBB, Araujo MAS, Nascimento
RJM, et al. Reproducibility of positive results for the detection of serum galactomannan
by Platelia™ aspergillus EIA. Mycopathologia. 2013 Oct;176(3—-4):295-7.

21. Dufresne SF, Beauchemin S, Lavallée C, Laverdiere M. Instability of Aspergillus
Galactomannan in Stored Clinical Samples. J Clin Microbiol. 2014 Dec;52(12):4435-6.

22. Wheat LJ, Nguyen MH, Alexander BD, Denning D, Caliendo AM, Lyon GM, et al. Long-
Term Stability at —20°C of Aspergillus Galactomannan in Serum and Bronchoalveolar
Lavage Specimens. J Clin Microbiol. 2014 Jun;52(6):2108-11.

23. Bizzini A, Marchetti O, Meylan P. Response to: lack of intra-laboratory reproducibility
in using Platelia Aspergillus enzyme immunoassay test for detection of Aspergillus
galactomannan antigen. Transpl Infect Dis Off J Transplant Soc. 2012 Apr;14(2):218-9.

24. Kimpton G, White PL, Barnes RA. The effect of sample storage on the performance
and reproducibility of the galactomannan EIA test. Med Mycol. 2014 Aug;52(6):618-26.

25. Guigue N, Lardeux S, Alanio A, Hamane S, Tabouret M, Bretagne S. Importance of
operational factors in the reproducibility of Aspergillus galactomannan enzyme immune
assay. PloS One. 2015;10(4):e0124044.

26. Chong E, Ko JH, Kim DR, Lee YH, Yang J, Kim H, et al. False-positive Aspergillus
galactomannan immunoassay in the glucose component of total parenteral nutrition
products. Microbiol Spectr. 2023 Oct 6;0(0):e01673-23.

27. Kathar SS, Mullerpattan J, Shetty A, Udwadia Z. Bronchoalveolar lavage
contamination by sterile containers: A unique and unrecognized cause of a false-positive
galactomannan. Lung India Off Organ Indian Chest Soc. 2017;34(6):572-3.

28. Giusiano G, Fernandez NB, Vitale RG, Alvarez C, Ochiuzzi ME, Santiso G, et al.
Usefulness of Sona Aspergillus Galactomannan LFA with digital readout as diagnostic and
as screening tool of COVID-19 associated pulmonary aspergillosis in critically ill patients.
Data from a multicenter prospective study performed in Argentina. Med Mycol. 2022
May 18;60(5):myac026.

21



452
453
454

455
456
457

458
459
460
461

462
463
464
465

466
467

468
469
470

471
472
473
474

475
476
477

478
479
480

481
482
483

484
485
486
487

488
489

29. Mercier T, Dunbar A, de Kort E, Schauwvlieghe A, Reynders M, Guldentops E, et al.
Lateral flow assays for diagnosing invasive pulmonary aspergillosis in adult hematology
patients: A comparative multicenter study. Med Mycol. 2020 Jun 1;58(4):444-52.

30. Autier B, Prattes J, White PL, Valerio M, Machado M, Price J, et al. Aspergillus Lateral
Flow Assay with Digital Reader for the Diagnosis of COVID-19-Associated Pulmonary
Aspergillosis (CAPA): a Multicenter Study. J Clin Microbiol. 2022 Jan 19;60(1):e01689-21.

31. Driemeyer C, Falci DR, Oladele RO, Bongomin F, Ocansey BK, Govender NP, et al. The
current state of clinical mycology in Africa: a European Confederation of Medical
Mycology and International Society for Human and Animal Mycology survey. Lancet
Microbe. 2022 Jun 1;3(6):e464-70.

32. Tufa TB, Bongomin F, Fatallhah A, Candido ALSM, Hashad R, Abdallaoui MS, et al.
Access to the World Health Organization-recommended essential diagnostics for invasive
fungal infections in critical care and cancer patients in Africa: A diagnostic survey. J Infect
Public Health. 2023 Oct 1;16(10):1666-74.

33. De Pascale G, Martin-Loeches |, Nseir S. Antifungal stewardship in critically ill
patients. Intensive Care Med. 2023 Mar 24;1-4.

34. Jani K, McMillen T, Morjaria S, Babady NE. Performance of the sona Aspergillus
Galactomannan Lateral Flow Assay in a Cancer Patient Population. J Clin Microbiol.
59(9):e00598-21.

35. White PL, Price JS, Posso R, Cutlan-Vaughan M, Vale L, Backx M. Evaluation of the
Performance of the IMMY sona Aspergillus Galactomannan Lateral Flow Assay When
Testing Serum To Aid in Diagnosis of Invasive Aspergillosis. J Clin Microbiol. 2020 May
26;58(6):10.1128/jcm.00053-20.

36. Aerts R, Mercier T, Maertens J, Lagrou K. P412 QuicGM Aspergillus Galactomannan
Ag lateral flow assay as a practical aid to diagnose invasive Aspergillosis in high-risk
hematology patients. Med Mycol. 2022 Sep 20;60(Suppl 1):myac072P412.

37. Patterson TF, Thompson GR, Denning DW, Fishman JA, Hadley S, Herbrecht R, et al.
Practice Guidelines for the Diagnosis and Management of Aspergillosis: 2016 Update by
the Infectious Diseases Society of America. Clin Infect Dis. 2016 Aug 15;63(4):e1-60.

38. van de Veerdonk FL, Kolwijck E, Lestrade PPA, Hodiamont CJ, Rijnders BJA, van
Paassen J, et al. Influenza-Associated Aspergillosis in Critically lll Patients. Am J Respir Crit
Care Med. 2017 Aug 15;196(4):524-7.

39. Koehler P, Bassetti M, Chakrabarti A, Chen SCA, Colombo AL, Hoenigl M, et al.
Defining and managing COVID-19-associated pulmonary aspergillosis: the 2020
ECMM/ISHAM consensus criteria for research and clinical guidance. Lancet Infect Dis.
2021 Jun 1;21(6):e149-62.

40. White PL, Bretagne S, Caliendo AM, Loeffler J, Patterson TF, Slavin M, et al.
Aspergillus Polymerase Chain Reaction-An Update on Technical Recommendations,

22



490
491
492

493
494
495

496
497
498

499
500
501
502

503
504
505
506
507

508
509
510
511

512
513

514
515
516
517

518
519
520

521
522
523

524

Clinical Applications, and Justification for Inclusion in the Second Revision of the
EORTC/MSGERC Definitions of Invasive Fungal Disease. Clin Infect Dis. 2021 Mar
12;72(Suppl 2):595-101.

41. Barnes RA, White PL, Morton CO, Rogers TR, Cruciani M, Loeffler J, et al. Diagnosis of
aspergillosis by PCR: Clinical considerations and technical tips. Med Mycol. 2018 Apr
1;56(suppl_1):S60-72.

42, Mercier T, Guldentops E, Lagrou K, Maertens J. Prospective Evaluation of the
Turbidimetric B-D-Glucan Assay and 2 Lateral Flow Assays on Serum in Invasive
Aspergillosis. Clin Infect Dis. 2021 May 1;72(9):1577-84.

43, Jenks JD, Mehta SR, Taplitz R, Law N, Reed SL, Hoenigl M. Bronchoalveolar lavage
Aspergillus Galactomannan lateral flow assay versus Aspergillus-specific lateral flow
device test for diagnosis of invasive pulmonary Aspergillosis in patients with
hematological malignancies. J Infect. 2019 Mar 1;78(3):249-59.

44. H Wang, Peng J, Du J, Zhang Y, Su Y. A novel rapid test for Aspergillus
Galactomannan. In 2021 [cited 2022 Aug 28]. Available from:
https://eacademy.escmid.org/escmid/2021/eccmid-
2021/328050/he.wang.a.novel.rapid.test.for.3Cem3Easpergillus3C.em3E.galactomannan.
html?f=menu%3D14%2Abrowseby%3D8%2Asortby%3D2%2Aspeaker%3D863337

45, Ubbink A, Seetharam S, Lewis G, Chibabhai V. Laboratory Performance of the IMMY
SONA Aspergillus Galactomannan Lateral Flow Assay [Internet]. Conference Presentation
presented at: Pathology Research and Development Congress; 2021 Aug 22. Available
from: https://pathred.nhls.ac.za/files/Abstract_Book _Final_18 08 21.pdf

46. Newman H, Maritz J. Basic overview of method validation in the clinical virology
laboratory. Rev Med Virol. 2017;27(5):e1940.

47. ASM.org [Internet]. [cited 2022 Oct 6]. Planning a Method Verification Study in
Clinical Microbiology Labs. Available from:
https://asm.org/Articles/2022/January/Planning-a-Method-Verification-Study-in-Clinical-
M

48. Oren |, Avidor |, Sprecher H. Lack of intra-laboratory reproducibility in using Platelia
Aspergillus enzyme immunoassay test for detection of Aspergillus galactomannan
antigen. Transpl Infect Dis Off J Transplant Soc. 2012 Feb;14(1):107-9.

49, Johnson GL, Sarker SJ, Hill K, Tsitsikas DA, Morin A, Bustin SA, et al. Significant
Decline in Galactomannan Signal during Storage of Clinical Serum Samples. Int J Mol Sci.
2013 Jun 24;14(7):12970-7.

23



525

526

527

Appendix

2 Protocol
UNIVERSITY OF THE é Q% FACULTY OF
WITWATERSRAND, W ) HEALTH SCIENCES
JOHANNESBURG
SORNAME: ~ UBBINK Navps: AN NuMbER, 000191
CURRENT
QUALIFICATIONS: MBChB, DipPEC, DTMH
TEL: CELL: 060 304 4702 E-MAIL. FAX: NIA

anja.ubbink@gmail.com
DEGREE FOR WHICH PROTOCOL IS BEING SUBMITTED: Masters of Medicine (MMed) Microbiology
PART-TIME OR FULL-TIME: FULL-TIME

FIRST REGISTERED FOR THIS DEGREE: ‘ TERM: SEPTEMBER YEAR: 2019

DEFPARTMENT: Clinical Microbiology and Infectious Diseases

TITLE OF PROPOSED RESEARCH:
Laboratory Evaluation of Aspergyh‘qs Galactomannan Lateral Flow Assays

CANDIDATE'S SIGNATURE:  /2/0Le b L [,Ugb inde . DATE: 30/08/2022
SUPERVISOR 1 (NAME & SURNAME): Dr Vindana Chibabhai \ 50% Supervision
SUPERVISOR'S QUALIFICATIONS MBBCh, FCPath Micro, MMed Micro, DCH, DipHIVMan

SUPERVISOR'S DEPARTMENT Clinical Microbiology and Infectious Diseases

SUPERVISOR 2 (NAME & SURNAME): Dr Trusha Nana ‘ 50% Supervision
SUPERVISOR'S QUALIFICATIONS: MBBCh, FCPath Micro, MMed Micro, DTMH

SUPERVISOR'S ADDRESS / TEL / E-MAIL: 083 641 6006 / trusha.nana@nhis.ac.za

SUPERVISOR 3 (NAME & SURNAME): N/A \ % Supervision
SUPERVISOR’'S QUALIFICATIONS

SUPERVISOR'S ADDRESS / TEL / E-MAIL:

SYNOPSIS OF RESEARCH:(Brief summary of proposed research project; between 200-300 words only; with sub-
headings: an introduction and justification for study, aim/s, proposed methodology and expected outcome/s)

[Use reverse side of this page if

more space is required]

Please see page 2 for synopsis of research.

24



WITS ETHICS NOT REQUIRED: Yes No

: IF Y SUPPLY ETHICS

m;g ETHICS PENDING: . ey :“" CLEARANCE CERTIFICATE AS
ITS ETHICS APPROVED: TeR N ATTACHMENT AND INCLUDE

(circle appropriate symbol) ETHICS NUMBER HERE:

*Please note the final human ethics clearance certificate or animal
ethics certificate must be available prior to starting research

As supervisor/s, llwe confirm that | have read the protocol which has been submitted for assessment.

SIGNATURE OF SUPERVISOR/S: | . -4t T Nana N ==
SIGNATURE PG OFFICE STAFF | REGISTERED

STAMP

N ESwm NO.....

INTRODUCTION

Invasive Pulmonary Aspergillosis (IPA) is an infection caused by Aspergillus species, a ubiquitous hyaline mould.
The diagnosis of IPA is made based on a combination of clinical, radiological and laboratory tests, including the
detection of Aspergillus galactomannan antigen in serum and broncho-alveolar lavage fluid (BALF).

JUSTIFICATION FOR STUDY

The National Health Laboratory Services currently do not offer an Aspergillus antigen test. When requested, the
antigen test is referred to a private laboratory, resulting in delayed turn-around times and increased costs. The
IMMY séna- (IMMY LFA) and Dynamiker QuicGM™ (QuicGM™ LFA) Aspergillus galactomannan lateral flow assays
are CE-marked, novel, rapid, low-cost antigen detection tests.

AlM

The aim of the study is to evaluate the IMMY LFA and QuicGM™ LFA against the Bio-Rad Platelia ,flspergr'ﬂus ‘
galactomannan antigen sandwich enzyme immunoassay (Bio-Rad Platelia EIA). We aim to determine the following:

1 Accuracy: Measurement of positive percentage agreement and negative percentage agreement of results.
Between day precision

2

3 Between batch precision

4 Evaluate the differences in performance when the European Organisation for Research and Treatment of
Cancer and the Mycoses Study Group Education and Research Consortium (EORTC/MSGERC)- and
manufacturer recommended thresholds are applied to the quantitative results from the different assays.

PROPOSED METHODOLOGY

Serum and BALF samples tested by BioRad Platelia EIA have been obtained from Lancet Laboratory Services and
are stored at -70°C. Thawed samples will be analysed using both IMMY LFA and QuicGM™ LFA. Results will be
interpreted using two cut-off points - optical density value of 20.5 (manufacturer recommended) and 21.0 for serum

and 20.8 for BALF (EORTC/MSGERC recommended). Between day and between batch precision will be
determined.

EXPECTED QUTCOME

The two lateral flow assays have performed well in previous international evaluations.

11 March 2019/MP
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2.1 Introduction

Aspergillus species is a ubiquitous hyaline mould. The Aspergillus conidia are
frequently inhaled into airways and usually no disease results due to effective
clearance of the spores. The inhaled fungal spores have the potential to cause
infection. Syndromes range from colonisation; allergic responses to Aspergillus spp.
such as allergic bronchopulmonary aspergillosis to semi-invasive and invasive

conditions.(37)

The most severe manifestation is invasive aspergillosis (IA). It poses a significant
threat to high-risk immunocompromised patients and is a major cause of morbidity
and mortality in this population. The at-risk population include patients with
prolonged neutropaenia, solid organ transplant, allogeneic hematopoietic stem cell
transplant, inherited and acquired immunodeficiencies, corticosteroid use as well as
critically ill patients with influenza and COVID pneumonia.(37—-39) Globally, more

than 300 000 cases are diagnosed annually with a 30 — 80% mortality rate. (5)

Early, reliable diagnosis of IA is crucial for prompt treatment and is a major
challenge. Clinical symptoms are non-specific, especially in non-haematological
patients admitted to intensive care units (ICU) with underlying diseases. No single
definitive diagnostic test is available which reliably detects IA. Diagnosis relies on

integration of clinical, radiological and microbiological factors. (37)

The European Organisation for the Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG) revised criteria for defining invasive fungal infections
require microbiological and/or histopathological evidence to diagnose proven
infection. Different microbiological methods include culture, polymerase chain

reaction (PCR) as well as detection of the Aspergillus galactomannan antigen.(11)
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Culture based approaches are impeded by low sensitivities, especially in the early
stages of infection and have a long turn-around time. Aspergillus species is a
ubiquitous organism and frequently inhaled into the airway and usually effectively
cleared by the immune system. Therefore, isolation of Aspergillus species from the
airways is not always indicative of disease. Furthermore, acquisition of
appropriate/good quality specimens may require invasive procedures, which is

challenging in many patients and often not feasible.(12)

PCR can also be used for the detection of Aspergillus in tissue, bronchoalveolar
lavage and blood.(11,40) Recently, it was included as a mycological criterion for
probable invasive Aspergillosis in consensus guidelines for research studies.(11,40)
Previously, there has been a lack of standardization among assays and a large
variation in diagnostic performance across studies and different settings. Aspergillus
PCR from blood shows particularly poor performance for the diagnosis of
breakthrough infections in settings that use anti-fungal prophylaxis. With the
availability of commercial assays, external quality control programmes, additional
clinical validation, and standardized methodology, significant progress has been
made. (40) However, these assays remain expensive and require specialised

infrastructure and expertise not available in many settings.(41)

Due to the limitations of above diagnostic modalities, assays with improved
performance and rapid results are necessary for early recognition and enablement of
targeted therapy for invasive aspergillosis. There is a need for assays which can be
performed in facilities with limited infrastructure. Non-culture-based techniques,
including biomarkers, are promising diagnostic aids. Galactomannan (GM) is a

major constituent of Aspergillus cell walls and is such a biomarker.(18)
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Galactomannan makes up a major part of the cell wall of Aspergillus species. lItis a
polysaccharide that consists of a mannose backbone and a variable number of
galactofuranose side chains. The fungus secretes these galactofuranose-containing

side chains during growth.(17)

Enzyme-linked immunosorbent assays (ELISA) can detect the galactomannan
polysaccharide and are used on serum or bronchoalveolar fluid specimens.
Galactomannan ELISA is more sensitive than culture. The ELISA Galactomannan

assay has been available for more than 20 years. (18)

The Bio-Rad Platelia Aspergillus galactomannan antigen sandwich enzyme
immunoassay (Bio-Rad Platelia EIA) is such an assay that detects galactofuranose-
containing molecules. It is a well-recognized test, FDA-approved and the only
galactomannan antigen assay recommended in the EORTC consensus criteria for
defining invasive fungal disease as an adjunct for the diagnosis of IA. It has been
approved for testing serum and broncho-alveolar fluid.(17) Despite this, many
clinicians globally do not have access to this test. There are many barriers to the
implementation of this test, including long turnaround time, cost, requirement for

batch testing and referral of the sample to a central laboratory. (11,18)

In settings where testing for galactomannan with ELISA is not achievable, the
Aspergillus galactomannan lateral flow assays (GM-LFA) may be a viable option.
These are novel, rapid, low-cost biomarker tests and include, the IMMY sona
Aspergillus GM Lateral Flow Assay (IMMY LFA) and the Dynamiker QuicGM™
Aspergillus Galactomannan Assay (QuicGM™ LFA). These assays can easily be
performed in facilities with limited infrastructure, low sample throughputs and allow

for rapid results. (17,18)
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The galactomannan lateral flow assays are self-contained immunochromatographic
assays. It is used for qualitative and quantitative detection of Aspergillus
galactomannan from serum and bronchoalveolar lavage samples and is based on
the principle of lateral flow. If galactomannan is present in the sample, it binds to
galactomannan-specific antibodies conjugated to colloidal nano-gold forming an
antibody-antigen complex as it flows up the test strip through two testing zones. The
first zone has GM-specific antibodies (test line), the second zone has control

antibodies (control line) for quality control (18).

The IMMY LFA is Conformité Européenne (CE) marked. Recent studies with this
assay have reported reliable performance and good sensitivities on bronchoalveolar
fluid as well as serum for the diagnosis of invasive aspergillosis in haematology

patients.(29,42,43)

The QuicGM™ LFA was recently developed and is also CE markaed. Limited
performance data is available. One study found a concordance rate of >90%
between this assay and the Bio-Rad Platelia assay. 120 samples were included
(serum and BALF). All authors of the study were affiliated to Dynamiker Sub-Center
of Beijing Key Laboratory for Mechanisms Research and Precision Diagnosis of

Invasive Fungal Disease.(44)

The updated consensus definitions of invasive fungal disease from
EORTC/MSGERC were revised and published in 2020. Before this, these
consensus definitions were last updated in 2008. The 2008 definitions did not
contain thresholds for detecting Aspergillus galactomannan antigen as data were
insufficient at the time. The updated guidelines adopt different thresholds for

galactomannan for different specimen types. These thresholds differ from the
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current manufacturer-recommended cut off values for the Bio-rad Platelia

assay.(11,17)

The current manufacturer recommended cut-off value for a sample to be considered
positive for galactomannan antigen in serum and BAL fluid is optical density 20.5

and for a negative result, the cut-off value is index < 0.5. (11,17)

The revised EORTC/MSGERC criteria advises the detection of any of the following
to aid in the diagnosis of invasive aspergillosis: single serum or plasma
galactomannan antigen = 1.0; or BAL fluid = 1.0; or single serum or plasma = 0.7

and BAL fluid 2 0.8; or CSF 2 1.(11,17)

Importantly, the galactomannan cut- offs mentioned in the revised EORTC/MSGERC
consensus documents are based on the Platelia Aspergillus assay. Insufficient
evidence was available for incorporating novel Aspergillus antigen tests as their

performance and corresponding cut-offs had been inadequately assessed. (17)

A pilot study was performed at Charlotte Maxeke Johannesburg Academic Hospital
Microbiology Laboratory in 2021, evaluating the performance of the IMMY LFA
against the Biorad Platelia assay. 19 Serum samples were processed using the
IMMY LFA. Using an optical density cut-off of 20.5 as positive, the IMMY Aspergillus
GM-LFA had a sensitivity of 33.3% (2/6), specificity of 92.3% (12/13) when evaluated
against the BioRad Aspergillus GM-EIA. Between day reproducibility was 100%
(8/8). The results showed the test may be promising. However, very few samples
were included; sample type did not include broncho-alveolar lavage (BAL) fluid and

few positive tests were available.(45)

For the diagnosis of invasive Aspergillosis diagnostic assays with improved

performance, faster results and which can be performed in facilities with limited
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infrastructure is needed. Currently there is no such test offered within the National
Health Laboratory Services. The aim of this study is to evaluate the performance of

two GM Ag LFAs, the IMMY LFA and Dynamiker QuicGM™ LFA in our local setting.

2.2 Study Objectives

The aim of the study is to evaluate the IMMY sona Aspergillus Lateral Flow Assay
(IMMY LFA) and the Dynamiker QuicGM™ Aspergillus Galactomannan Ag Lateral
Flow Assay (QuicGM™ LFA) against the Platelia Aspergillus Ag assay with serum

and bronchoalveolar lavage samples.
For the evaluation of the different assays the aim is to determine the following:

1 Accuracy: Measurement of positive agreement and negative agreement of
results between the IMMY LFA, QuicGM™ LFA and Bio-Rad Platelia EIA
assays for serum and bronchoalveolar lavage samples.

Between day precision: to confirm acceptable between-run variance
Between batch precision: to determine the variance of results of the same
sample run with different batches of the assays

4 Evaluate the differences in performance when EORTC/MSGERC and
manufacturer-recommended thresholds are applied to the quantitative results

from the different assays.

2.3 Methods

2.3.1 Samples

De-identified clinical broncho-alveolar lavage fluid and serum samples tested using
the Platelia Biorad assay for detection of the Aspergillus galactomannan antigen
were obtained from Lancet Laboratory services. The samples represent both

positive and negative results.
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The samples are stored at -70°C and will be thawed and brought to room
temperature for analysis. For between day precision testing the samples will be

stored at 2 — 8°C and analysed within 72 hours.

Most guidelines recommend a minimum of 20 samples to be used for verification
studies. (46,47) 50 serum samples and 15 broncho-alveolar lavage fluid samples will

be tested using both the IMMY LFA and the QuicGM™ LFA.
To determine the precision of the tests:

e For between day precision the 20 serum samples and 10 bronchoalveloar
lavage samples will be tested again on the following day.

e To determine between batch precision 20 serum samples and 10
bronchoalveolar samples will be tested in duplicate, side by side, using two
different batch numbers of kits

The samples will be processed at Infection Control Laboratory Services (ICLS) at the

University of Witwatersrand Medical School.

One analyst (the researcher) will be processing the samples. The analyst will not be
aware of the previous results of the sample and the test result will be measured
objectively using the cube reader (IMMY kit) and the AFS-1000 (QuicGM™ kit) to

limit bias.

2.3.2 Safety Considerations

Appropriate personal protective equipment as well as in a biosafety cabinet level 2

will be used.

2.3.4 Materials needed

1) IMMY Aspergillus Antigen LFA kit

2) Cube Reader (for analysis of IMMY kit result)

3) Dynamiker Biotechnology QuicGM™ Galactomannan Ag LFA kit
4) AFS-1000 (reader for analysis of QuicGM™ kit)
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5) Microcentrifuge screw-cap tubes 1.5 — 2 ml, capable of reaching 120°C
6) Disposable microcentrifuge tubes, test tubes or a microtitre plate
7) Pipettes (100uL, 1000uL) and disposable tips
8) Centrifuge (capable of reaching 14000 x g)
9) Vortex mixer
10)Heat block or water bath capable of reaching 120°C
11)Thermometer
12)Timer
13)Personal protective equipment

a. Disposable gloves

b. Protective glasses

c. Lab coat

14)Biosafety cabinet level 2

2.3.5 Quality Controls
Processing of the samples will be performed in an accredited laboratory. Quality
assurance of all equipment in the laboratory will be undertaken as part of standard

operating procedure.

Both kits have an internal quality control line on the lateral flow assay strip. If the

internal quality control fails, the test result will be regarded as invalid.

Manufacturer provided external quality controls will be used during every run of the

test to ensure proper performance by the analyst and a proper functioning test kit.

An in-house external positive and negative control will be developed by using saline
for the negative control and spiked saline with Aspergillus spp. culture for the

positive control.
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2.3.6 Testing Method

Samples will be processed by strictly adhering to the manufacturer’s test procedure

as recorded in the product package insert.

QuicGM™- Aspergqillus Galactomannan Aqg Lateral Flow Assay Test Procedure:

Sample treatment

Add 300uL serum/BAL into screwcap microcentrifuge tubes
Add 100uL sample treatment to above

Screw the lid tightly and vortex for 10 seconds

Using a heat block, heat the tubes at 110°C for 3-4 minutes
Centrifuge the tubes at 10000 x g for 10 minutes

Use the supernatant for performing the test below

Procedure

Tests and samples need to be room temperature
Place the test cassettes on a flat and clean bench
Dispense 90 — 100uLof sample supernatant and slowly add into sample pad
Read and record the results using the fluorescence immunoassay analyzer

after 20 minutes

IMMY sona Aspergillus Galactomannan LFA Test Procedure:

Sample Pretreatment:

Place 300uL of serum or BAL into a heat resistant, screw cap microcentrifuge
tube

Add 100uL of sample pretreatment buffer to the same tube

Screw lid tightly and vortex the sample

Place tube in a heat block for 6-8 minutes at 120°C

Immediately centrifuge the sample at 10000 — 14000 x g at room temperature

Procedure

Add 120uL Aspergillus GM positive control into a clean tube
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Add 120uL Aspergillus GM LFA running buffer (negative control) into another
clean tube

Pipette 40uL of Aspergillus GM LFA running buffer into a separate clean tube
or microwell

Pipette 80pL of supernatant from pretreated serum / BAL each tube from
above step

Place one Aspergillus GM Lateral Flow test strip in each tube or microwell
containing sample or control

Allow the test to run for 30 minutes at room temperature

Read and record the results within 10 minutes of completing the test, either

visually or with the Cube reader

2.3.7 Performance Characteristics for Evaluation
The following performance characteristics will be determined for the IMMY LFA and
the QuicGM™ LFA assay:

Two sets of analyses will be done:

o Using both a threshold of = 0.5 (manufacturer recommended) and = 1
for serum / 20.8 for BAL (EORTC/MSGERC recommended) overall
agreement, positive percent agreement and negative percent
agreement of positive and negative results of each assay compared to
the Platelia Biorad EIA

o Acceptable level of agreement will be >90%.

Reproducibility of the tests
o Between day precision

= 20 serum samples and 10 BAL fluid samples will be run again
on a different day. A combination of positive and negative
samples will be used. Guidelines recommend a minimum of 2
positive and 2 negative samples over 5 days for qualitative
assays and a minimum of 3 positive and 3 low positive samples
for quantitative assays. (46)

o Between batch precision
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= 20 serum samples and 10 BAL fluid samples will be run using
two different batch numbers and tested side by side. A
combination of positive and negative samples will be used.

o Acceptable level of reproducibility will be at least 90% agreement

2.3.8 Data Analysis

Descriptive analyses of the data will be performed using Microsoft Excel. Positive
Percentage agreement and Negative Percentage agreement will be calculated.
Positive agreement will be the proportion of the comparative method (Platelia Bio-
Rad EIA) positive results in which the test method is positive. Negative agreement
will be the proportion of comparative method (Platelia Bio-Rad EIA) results in which

the test method is negative. A scatterplot will be performed for comparison.

2.3.8 Ethics
De-identified clinical samples will be used in this study and no human participants
are involved. An ethics application to University of Witwatersrand’s Human

Research Ethics Committee is pending.

2.4 Timing

APR | MAY JUN JUL AUG SEPT | OCT NOV DEC

JAN
23

Literature review

Preparing protocol

Protocol
assessment

Ethics application

Sample processing
and Collecting data

Data analysis

Writing up - thesis
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2.5 Funding

The IMMY LFA kit has been sponsored IMMY. The QuicGM™ LFA kit has been
sponsored by Dynamiker Biotechology Co. Ltd. Funding for publication and
stationery will be sought from the Department of Clinical Microbiology and Infectious

Diseases, University of Witwatersrand.

2.6 Problems

The clinical serum and BAL fluid samples are stored at -70°C for this study. They
will be thawed and brought to room temperature for processing. For the QuicGM™
LFA kit, manufacturer’s instructions allow sample storage of up to 72 hours at 2-8°C
or below -20°C for up to 12 months, with a maximum of five repeated thawing and
freezing. The IMMY LFA kit package insert allows for sample storage at 2-8°C for up
to 5 days or for up to 2 weeks at <-20°C. A number of reports report a significant
decline in serum indices after sample storage and retesting. (21,24,48,49) A
different study supports the use of frozen serum or BAL specimens stored for at least
5 years at -20°C in the evaluation of diagnostic tests based on detection of
galactomannan. (22) A very low-positive sample may become negative after storage.
This may impact the results of the study. We acknowledge this as a limitation of the

study.

A limited number of kits are available for testing purposes. It will not be possible to

see if results can be replicated by using different samples or a different analyst.

While the prevalence of Invasive Aspergillus in South Africa is largely unknown, few
samples positive for Galactomannan Antigen samples are available and many of the

results are close to the cut-off point.
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